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Abstract 
In frame of global European standardization and in consequence of new knowledge concerning existing bridge reliability, the 
need for revision of the service handbook “Determination of the railway bridges loading capacity” had started up. The new 
guideline has been worked up by the collective of the Department of Structure and Bridges from the University of Zilina in 
cooperation with Slovak Railways and other cooperators among academicians and designers. In the presented paper, the attention 
is paid to the general concept and basic assumptions of the new guideline for determining the railway bridge loading capacity. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of the XXIV R-S-P seminar, Theoretical Foundation of Civil 
Engineering (24RSP) 
Keywords: Railway bridge; Loading capacity of railway bridge; Determination of loading capacity; General concept. 
1. Introduction 
The evaluation of existing bridges is a significant process and resource of information supporting the decision-
making processes related to the bridge maintenance strategy and rehabilitation. The evaluation should be objective, 
therefore it shall be based on the fundamental reliability parameter of existing bridge, which is its loading capacity. 
Loading capacities of existing bridges are also the decision parameters for evaluation of passage of the actual 
railway service load. The new guideline presents the general rules and methodology of determining the loading 
capacity of the railway bridges for different level of its accuracy and also introduces rules for verification of the 
passage of the railway service load classified into the corresponding line categories (LC) in accordance with [2]. 
Concurrently, the guideline introduces rules how to evaluate the passage of the particular and special railway 
vehicles over the bridge. The guideline is valid for determination of the loading capacity of permanent and 
temporary railway bridges and also for other constructions with structures conformable to railway bridges used by 
 
 
* Corresponding author. Tel.: +421-41-513-5501; fax: +421-41-5165690. 
E-mail address: vican@fstav.uniza.sk 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-revi w under responsibility of organizing committee of the XXIV R-S-P seminar, Theoretical Foundation of Civil Engineering (24RSP)
840   Josef Vican et al. /  Procedia Engineering  111 ( 2015 )  839 – 844 
Slovak Railways (SR) on tracks with speed up to 200 km per hour. Concurrently, it is also valid for determination of 
the loading capacities of the new bridges respecting reliability level corresponding to design of the new bridge, i.e. 
for design values of load effects and resistances of cross-sections or bridge structural members defined according to 
valid standards STN and STN EN for design of new bridges without alleviations and simplifications given in the 
guideline for existing bridges. 
2. Guideline structure and basic rules for bridge loading capacity determination 
The guideline structure is consistent with European standards. Firstly, the general part valid for all types of 
bridges is introduced that is completed by annexes A, B, C and D specifying rules for determination of loading 
capacities of individual bridges according to materials, of which they are manufactured (steel bridges, composite 
steel-concrete bridges, concrete bridges and masonry bridges). The annex E introduces a table of summarized 
loading capacities of bridge members and parts. In the annex F, the approaches to the more precise calculations of 
the partial factors for load effects and cross-sectional and structural member resistances are given, based on the more 
precise reliability levels valid for existing bridges or information obtained from material tests, completed by the 
relevant formulas.      
The general part of the guideline has 5 chapters including introduction provisions, cited standards and review of 
symbols used in particular chapters. Terms and definitions applied in the guideline correspond to those ones given in 
the Eurocodes, relevant STN standards and other guidelines used by SR. Two types of the bridge loading capacities 
are introduced in the guideline; normal loading capacity and exceptional loading capacity. Normal loading capacity 
of the bridge member is defined in accordance with [1]. The new introduced exceptional loading capacity should be 
determined by means of analysis of the existing bridge according to approaches and principles presented in the 
guideline respecting additional alleviations compared to normal loading capacity.     
Four categories of the bridge loading capacities are defined in the guideline:   
x Category A: the estimated loading capacity determined by means of information gained and collected from the 
bridge inspections  
x Category B: the loading capacity determined using comparative analysis of the existing bridge (so called derived 
loading capacity) 
x Category C: the loading capacity determined by means of analysis of existing bridge based on its verified actual 
condition or in the case of new bridge based on the results of its design analysis 
x Category D: the loading capacity determined using analysis of the existing bridge based on its verified actual 
condition or in the case of new bridge based on the results of its design analysis and completed by experimental 
analysis of the bridge behavior verifying the correctness and availability of the bridge computational model. 
Relevant bridge administrator or competent authority of SR specifies the required category of the bridge loading 
capacity. Passage of the railway service load over the bridge is defined in accordance with [2]. In this standard, the 
railway service load is classified into line categories (LC), locomotive categories and also special track vehicles are 
defined. The newly introduced term “heavy consignment” means the railway service load overcrossing the LC of the 
relevant track with associated speed and transporting according to specially defined service conditions.    
General rules and principles of the guideline utilization are introduced in chapter 3, where general provisions 
related to determination of normal or exceptional loading capacity are specified. The decision principles for 
determination of the bridge loading capacity are defined in chapter 4 that is the most important part of the guideline.  
The reliability of existing bridges is verified and their loading capacity is determined using partial safety factors 
method, by which the fulfillments of conditions of relevant ultimate and serviceability limit state in frame of the 
relevant design situation shall be assessed. The following ultimate limit states of existing bridges shall be verified: 
x Cross-sectional failure due to extensive yielding, fracture or limit strain 
x Bridge member stability loss  
x Failure of joints 
x Failure caused by fatigue due to repeated high-cyclic stress 
x Loss of equilibrium of the bridge or any part of it, considered as a rigid body (only assessment is required, the 
loading capacity is not to be determined). 
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From the viewpoint of ultimate limit states, it shall be proved that design values of the load effects corresponding 
to the determined loading capacity fulfill the design cross-sectional or structural member resistance.  
The following serviceability limit states of existing bridges shall be verified: 
x Limitation of elastic stresses 
x Deflection limitations from the viewpoint of rail traffic safety 
x Limitations related to resonance effects 
x Crack limitations. 
Another guideline parts specify the permanent and variable loads on existing bridges and also the general rules 
for material characteristics determination. The rules and provisions according to relevant Eurocodes for loads on 
bridges are respected. Characteristic values of the permanent loads on existing bridges should be taken according to 
[4] with respect to Annex D in [3], and [5] in cases, when the results of experimental investigations on the existing 
bridge are taken into account. For existing bridges, the vertical rail traffic load is represented by the Load Model 
71 (LM71) in accordance with [6] using α = 1.00. Horizontal forces multiplied by α = 1.00 (noising force, 
centrifugal force, traction and braking forces), which should be combined with the vertical rail traffic load on 
existing bridges, are defined according to [6]. Dynamic effects of the vertical rail traffic load represented by LM71 
can be taken into account by means of the dynamic factors Φ2 or Φ3, which should be determined according to [6] 
for carefully maintained track (Φ2) or for track with standard maintenance (Φ3), respectively. Unless the relevant 
authority of SR specifies the dynamic factor, Φ3 shall be used for determination of the existing bridge loading 
capacity. 
Accidental actions are also considered according to [6]. Bridge structural members should be assessed on the 
accidental load effects but the loading capacity is not required to be determined for this design situation.  
Concurrently, the values of partial factors for permanent load effects, variable load effects caused by the rail 
traffic actions (LM71, noising force, centrifugal force, traction and braking forces) and climatic load effects are 
defined. The following values of partial factor JG should be considered for determining the design values of 
permanent load effects on existing bridges, unless more precise calculation is used: 
x Structural members of existing bridges whose geometrical parameters were checked by measurements:  JG = 1.20  
x Structural members of existing bridges whose geometrical parameters were not checked:                         JG = 1.30 
Partial factor JQ,LM71 for the vertical variable rail traffic load effects caused by LM71 is considered in dependence 
on the age of bridge structural member and its planned remaining lifetime using following values:  
x Bridge structural member younger than 30 years:               JQ,LM71 = 1,40 
x Bridge structural members older than 30 years:               JQ,LM71 = 1,25 
Effects of the variable rail traffic loads (LM71 including noising force, traction and braking forces and 
centrifugal force in the case of curved track on the bridge) shall be considered as groups of load effects caused by 
rail traffic action respecting the rules for group creation given in Table 6.11 in [6]. Each of these groups of loads 
which are mutually exclusive should be considered as a single variable characteristic action for combination with 
non-traffic loads.   
Characteristic values of the wind action on existing bridges should be considered according to [7]. Partial factor 
for wind load should be taken by the following values in dependence on the age of bridge structural member and its 
planned remaining lifetime: 
x Bridge structural member younger than 30 years:               JQ,LM71 = 1,50 
x Bridge structural members older than 30 years:               JQ,LM71 = 1,35 
Representative values of the thermal actions are considered in analysis of existing bridges in accordance with [8]. 
The partial factor for the thermal action effects should be taken as specified for wind load effects.  
The guideline provides possibility to determine values of partial factors for load effects by means of the more 
precise procedure [10], [11], given in Annex F depending on the age of bridge structural member and for bridge 
planned remaining lifetime, which should be defined by the relevant authority of SR.  
Concerning material properties of the existing bridges, their characteristic and design values should be   
determined: 
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x Based on bridge documentation verified by means of standards and provisions valid in time of the bridge design 
x Based on the diagnostic investigations and accomplished material tests approved by the relevant authority of SR 
Partial factors for material and resistance of cross-sections are specified in Annex A up to D for individual 
materials of bridges. The following values of the partial factors for steel bridges manufactured till 1968 are 
recommended to be taken for determining the design values of cross-sectional and structural member resistances 
concerning the ultimate limit states:  
x JM0 = 1.10, JM1 = 1.20, JM2 = 1.30 for steel S235   
x JM0 = 1.10, JM1 = 1.25, JM2 = 1.30 for steel S355  
Values of partial factors for cross-sectional and member resistance of steel bridges manufactured after 1968 
should be taken from [9].  
When the properties of concrete were determined by means of tests, the partial factor for concrete JC = 1,35 could 
be taken concerning the ultimate limit states of existing bridges older than 30 years. In other cases and for bridge 
structural members younger than 30 years, the value of JC = 1.50 should be considered.  
Concerning the ultimate limit states, the design value of reinforcement yield strength fyd should be obtained from 
the characteristic value fyk using partial factor for reinforcement JS = 1.15 for bridge structural members younger 
than 30 years. The value JS = 1.10 could be taken for bridge structural members older than 30 years.        
In following guideline parts, the procedures and methodology, how to determine the loading capacities for 
particular categories A, B, C and D are specified. The attention is paid to the determination of the loading capacity 
of the categories C and D that shall be calculated using analysis of existing bridge according to valid standards and 
other nowadays provisions. The standards and rules valid in time of the bridge design are considered to be an 
information background.       
The global analysis of existing bridge superstructure should be performed by means of elastic methods respecting 
bridge spatial behaviour. Therefore, the spatial computational models are recommended to use enabling the complex 
bridge global analyses. The possibility for application of non-linear global analysis is not excluded, especially in the 
case of more precise calculations of the concrete bridges, masonry bridges and composite steel-concrete bridges, 
where its utilization could be more eloquent and even needed. Actual bridge structural member’s condition shall be 
respected in global analysis of existing bridge structure. Possible bridge failures and damages including relevant 
imperfections of structural members or bridge parts should be involved into the chosen computational model to take 
into account influence of the failures on the final bridge response to load and to respect the load redistribution due to 
failures. Concurrently, the influence of the bridge failures shall be taken into account in the bridge structural 
member and cross-sectional resistances. Particular recommendations for individual bridges are introduced in the 
guideline Annexes A, B, C and D. 
The loading capacity ZLM71 of bridge structural member shall be determined using partial safety factors method 
by means of the reliability criterion of the relevant limit state. Regarding the ultimate limit states, the loading 
capacity of the bridge structural member should be defined by means of general formula: 
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Rd      cross-sectional resistance of the bridge structural member  
ELM71,Ed    design value of vertical variable rail traffic load effects represented by the LM71 including dynamic     
               factors 
6Ers,Ed,i  design, combination or group values of the other load effects acting concurrently with the vertical rail  
               traffic load. 
The formula (1) does not exclude application of iteration forms of loading capacity calculations especially for 
cases of the complicated reliability conditions. When the determined loading capacity is ZLM71 d 1.0, then other rail 
traffic load effects, i.e. noising force, traction or braking forces and centrifugal force, could also be reduced 
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proportionally to the calculated loading capacity. In this case, the final value of the loading capacity ZLM71 is 
necessary to determine by an iteration form of calculation.     
From the viewpoint of serviceability limit states, the loading capacity ZLM71 of the bridge structural member 
respecting the criterion for elastic stress limitation shall be only determined in the case, when the plastic cross-
sectional resistance of the bridge structural member was applied to verify the relevant ultimate limit state. In the 
case of the serviceability limit state related to the deflection limitations, the loading capacity shall be determined 
providing that deflection of the bridge superstructure corresponding to the determined loading capacity is equal to its 
limit value, which is defined in accordance with the relevant standards or provisions specified in Annexes A, B, C, 
and D.  
Regarding the serviceability criteria of the excessive deformations, the loading capacity ZLM71 could be 
determined using the following formula:  
1
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Glim   limit value of the deformation respecting serviceability criteria of the relevant serviceability limit state GLM71        value of the deformation caused by the vertical variable rail traffic load represented by the LM71  
              (including dynamic effects in accordance with the type of criterion)      6δrs,i values of deformations caused by other relevant loads acting concurrently with the vertical variable rail 
traffic load, unless they were eliminated by the pre-camber.  
In the case of existing railway bridges, the following serviceability limit states related to the deformations of the 
bridge superstructure from the viewpoint of traffic safety shall be verified:  
x Vertical deflection of the bridge superstructure throughout each span  
x Twist of the bridge superstructure measured along the centre line of each track on the approaches to the bridge 
and across the bridge  
x Horizontal transverse displacement of the bridge superstructure 
x Rotation of the ends of each bridge superstructure about a transverse axis or the relative total rotation between the 
adjacent deck ends 
Limitations on the end rotations of the newly designed bridge superstructures with ballasted tracks are given in 
[6]. But in the case of existing bridges, these limitations were replaced by the angular rotations of the deck ends.  
 
 
Fig. 1. Definition of the angular rotation of the bridge superstructure. 
The angular rotations of the bridge deck ends relative to the abutment, or mutual rotations of the bridge deck ends 
of two or more successive simply supported bridge superstructures shall not exceed the following limitations: 
x For bridges carrying one ballasted track 
T1,lim = T3,lim = 0,0065 rad,  T2,lim  = T1,lim + T3,lim  = 0,010 rad 
x For bridges carrying two ballasted tracks (only one track should be loaded) 
T1,lim = T3,lim = 0,0035 rad,  T2,lim  = T1,lim + T3,lim  = 0,005 rad 
For bridges with non-ballasted tracks the verification of the angular rotation of the bridge deck ends is not 
required.  
Assessment of the limitations related to resonance effects should be only accomplished based on the agreement 
with the relevant authority of SR. Determination of the loading capacity is not required for this serviceability limit 
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state. The result of the assessment could be e.g. limitation related to the traffic speed of service load. Verification of 
the limitations regarding the slenderness of the cross-sectional parts from the viewpoint of web breathing should be 
carried out, but determination of the loading capacity is not needed. Assessment of the serviceability limit state 
concerning crack limitations and determination of the loading capacity respecting relevant criteria of this limit state 
should be only accomplished for prestressed bridge parts and elements. For reinforced railway bridges, the 
verification of the crack width limitations is required, but the loading capacity does not need to be calculated. Partial 
factors for the load effects and cross-sectional and member resistances concerning the serviceability limit states 
should be considered by values JF,ser = JM,ser = 1.0.    
3. Conclusion 
The paper presented brief information related to the new guideline for determining railway bridge loading 
capacity. The attention was paid to general rules and provisions concerning the calculation of the loading capacity of 
the existing bridge superstructure for categories C and D, which shall be determined using structural analysis. The 
basic principles of the calculations were introduced together with possible simplifications and modified values of 
partial factors for load effects and materials.     
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